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EFFECT OF FILLERS AND OF MIXING PROCEDURE ON 
THE STRENGTH OF PLASTIC MATERIALS 
By William Kynoch and L. A. Patrc^nsky 



INTRODUCTION 



It is well known that the strength and other important 
physical "properties of molded parts or articles made from 
synthetic-resin plastics may "be modified over a consider- 
able range hy varying the proportion of filler present in 
the molding powder. As a variety of fillers may "be used 
and as th.e nature and amount of other ingredients of the 
powder, the method of mixing, the molding temperature, the 
pressure, and other factors may also he varied, a -large 
numher of comhinations is possihle. Knowledge of the ef- 
fect of changes in these variable factors on the proper- 
ties of molded products is ccnstantl?^ being extended. The 
present study deals with a small part of the extensive 
field of investigation indicated. . ' ' 

The specific object of the present study was to pre- 
pare a series' of molding powders with -the use . of a given 
plastic and given f i 1 1 er s in var ying pr op or t i ons and to de- 
termine the effect of the difforencos in composition of 
these molding powders on certain -physical properties of 
standard test. pieces molded from them. As the effect of 
difforencos in the proportion of filler was the only phase 
to be investigated at this time, methods of mixing, grind- 
ing, etc. wore standardized to approximate those mgthods 
common in ' industrial practice. 

Fart I covers the effect of fillers and part II the 
effect of mixing procedure. 
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i; EXPECT QY FILLERS 
MATERIALS 



The plastic used x\ras Durite resin Ho. 2 21-x, a phenol- 
furfural resin extensively employed "by industrial molding 
plants equipped to make up their own molding compounds. 
The fillers were wood flour made from white pine (Pinus 
stro'bus) of three different degrees of fineness: coarse, 
medium, and fine. The original intention was to work also 
v/ith carhon hlack as a filler, A preliminary study, how- 
ever, indicated that, with the methods adopted, flexural 
strength chtainahle with this material was very low as 
compared with that attainable with wood flour • For this 
reasofi work on carhon "black was discontinued. Results of 
the preliminary f le xural t e st s are given in part II. 

The wood flour was supplied to conform to the follow- 
ing requirements: 

Coarse: All course-ground flour sifted through a Ho. 
50 sieve and was retained on a He. 100 sieve 

Medium: All me d ium- gr ound flour sifted through a Ho. 
50 sieve and was retained on n Ho. 200 sieve 

S'ine: All fine-ground flour s i f t e d' t hr ough a Ho. 100 
sieve and v/as retained on a Ho. -200 sieve 

As the se requirement s do not exactly' correspond to 
those of any wood flours ordinarily marketed, it was nec- 
essary to have the flour specially prepared. Ho lu"bri~ 
cpnts or plasticizers v;ere incorporated with the molding 
powders* It was necessary, however, to apply a film of 
"beesvjax to the molded surfaces in order . to • facilitate re- 
moval of the specimens from the mold cavities. 

PROCEDURE . • 

Britches 



For each of the throe fillers, nine "batches of mate- 
rial, each approximately 8 pounds in v/oight, wore pre- 
pared as indicated in the following table: 
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Material ("by weight) 



Batch 



Filler 
(percent ) 



Re sin 
(percent) 



f 

h 
1 



d 
e 



a 
Id 



c 



0 
10 
20 
30 
40 
50 
60 
70 
80 



100 
90 
80 
70 
60 

• 50 
40 
30 
20 



■Three additional hatches (one for each filler) of the 
50-50 class and two additional hatches representing the 
highest and lowest wocd-flcur content were also made up 
for preliminary experimentation. 



First drum mixing; . - Uniform mixing of filler and 
resin was secured at this stage hy running each "batch, ex- 
cept the hatch containing resin without filler for a 5- 
minute period, at room temperature, in a drum containing 
a numher of hardwood hlocks and rotated at approximately 
75 rpm. The drum was thoroughly cleaned after each hatch 
was run. 

Banhury m ixing.- Each batch was then mixed in p 2-B 
Banhury mixer, to the jacket of which a steam line had 
been connected in order to obtain the required tempera- 
tures. A jagket temperature of 248^ F and a rotor temper- 
ature of 210 F were maintained during the mixing period. 
G-reat care was taken to maintain uniformity of mixing 
conditions throughout. After the Banbury mixer was charged 
with the material to be mixed, the start of the actual 
mixing period, which required that the resin be softened 
and melted to a degree that would allow of satisfactory 
m.ixing, was determined by noting the time at which a sud- 
den increase in the motor amperage occurred. A mixing 
period of 60 seconds was used. On completion of mixing 
the steam was turned '^ff and cooling water was run into 
the jacket. When the mix cooled sufficiently, it vras 



Preparation of Materir. Is 
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chipped out of t'he BnnlDury mixer* The mixing conditions, 
as stn,tGd, v;ere p.pproved by the makers of the resin em- 
ployed. 

The Sanhury mixing of the material v/as preceded "by 
considerahle preliraina.ry experimental work required to in- 
sure that satisfactory mixing conditions could he obtained 
and th.at these conditions could he accurately controlled 
pnd reprcdviced. 

G rindi ng. Much of the material, as it" came from the 
Banbury mixer, was in relatively large lumps, together 
with coarse particles of various sizes. Each batch was 
next ground in a Sturtev.c.nt Mill Co. grinder having two 
smooth-faced steel rolls. Much preliminary work, such as 
determining optimum adjustment of the grinding space and 
grinding periods necessary to expedite production of the 
required proportions of particles of the different sizes 
desired, v/as required to develop a satisfactory procedure 
in this part of the work. 

S i e V i n g > - After being ground, the m.aterial of each 
batch was passed through a motor-operated shaker sieve 
and particles of the different sizes were thus segregated. 
The required proporticii, by x^^eight, of particles of each 
size was then weighed out and the whole put together to 
constitute the batch. The sieve analysis used, specified 
by the manufacturers of the resin employed, v;as as-:.fol- 
1 0x^7 s : 

Sieve Analysis 



Percent 

through 14 mesh 100 

on 20 mesh 9 

on 40 mesh 42 

on 60 me sh 20 

on 80 mesh 8 

on 100 mesh 4 

through. 10.0 mesh 17 



Second -drum mixin.e:>- After being sieved, each batch 
of mix, was run for a 5-minute period, at room, tempera- 
ture, in the mixing drum used for the first drum mixing* 
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Molding 

All raolding was done in an Elmes 20-ton hot-plate 
press. (See fig. 1.) Calibration tests were run on this 
press "by Vuoans of an Amsler cali"brator. (See calilDrati on 
curve, fig. 2,) 

The dies used in molding comprised one 5-impression 
die (fig. 5) for production of the l/2- "by l/2- "by Sc- 
inch tost pieces specified for the A.S.T.M. standard 
f lexural-strength test on molded plastics (A.S.T.M. desig- 
nation: D 48-39) and one single-impression die (fig. 4) 
for production of the 1/8- hy 2-inch test pieces to be 
used in the standard water-absorption test on plastics 
(A.S.T.M, designation: D 570-40TK 

In connection with molding, a study of preforming 
procedure was conducted. Preforms were designed and con- 
structed and the effect of various preform dimensions and 
prer^sures on the "blanks and on the final test pieces was 
investigated. Preform methods were found to "be of par- 
ticular importcance in relation to the flexural test pieces. 
Each of the five test pieces made at one pressing cpera- 
tion in the f i v e - i mpr e s si on mold should, of course, he as 
nearly as possible identical with the others. In order to 
insure this result, careful preforming procedure is neces- 
sary. The v/eight of molding powder used for each blank 
should be the same within the limits of experimental error. 
The dimensions of each blank should also be the same and 
the clearance between the blank and the die cavity into 
which it is inserted should be such that the blank will 
just pass into the cavity. 

It wn s found that, when flexural test pieces from 
batches containing high percentages of wood flour were 
preformed, very rapid recovery (increase in size) of the 
blank occurred after removal from the preform. It was 
necessary to reduce the size of the preform in this case 
to dimensions providing proper allowance for this recov- 
ery. Batches with low wood-flour content differed appre- 
ciably in this recovery behavior from these vrith high 
wood-flour content. Increase in preforming pressures ap- 
peared to expedite recovery. The best preforms resulted 
from material of nigh filler content. 

Careful preforming methods also proved to be of im- 
portance in obtaining uniform cure of tost pieces in the 
molding operation. A preforming pressure of 8000 pounds 
per square inch was used for all specimens. 
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Two molding t empern tur es ' t o "be used throughout the 
vrork were selected, namely, 325*^ and 375^ 5". These temper- 
ature.s v/ere decided upon, affer ddscussinn with. the manufac- 
turers of the resin use.d and' after .trial work on molding 
"at va/ricus temperatures.. In actual practice, variation in 
mold temperature during the molding perio.d of 15 mi.nutes 
was unavoidable. An effort v/as made to maintain an aver- 
age of- either. 325^ F or 375^' 5" over the molding period. 
Typical temperature variations are shov/n in tallies 1 .and 2* 

Two molding pressures to be used thr ough out- t he .vrork 
were selected, namely, 2000 pounds per square inch and 
3000 pounds per square inch. These pressures were chosen 
follo^^^ing consultation ^^fith the manufacturers of the resin 
and trial molding at various pressures* These pressures 
v/ere very closely adhered to in molding all test pieces 
for use in the standard tests used. 

A molding pcariod of 15 minutes v/as decided upon after 
consultation and trial v/ork. In trial tests on the water- 
absorption disks and flexural test bars, blistering fre- 
cuently occurred. This condition arose from failure of 
the gases generated in the molding operation to escape 
from the dio^ This difficulty was overcome by rapidly 
raising the molding pressure to about one-fourth the total 
load in pounds per square inch (at specified m.olding tem- 
perature), maintaining it at that point for 15 seconds, 
releasing and opening the press slightly to allow gases' 
to escape, then rapidly closing the press and increasing 
the load to full molding pressure. 

In the course of preliminary molding on the flexural- 
strength test bars, it was noted that the cure of the 
plastic Was not complete in the center portion of the test 
bar v/hen the bar vra-s molded to a full "l-inch thickness. 
In order to overcome the improper cure and to develop the 
maximum strength of the plastic material, the thickness 
of the flexural- strength test bars v;as reduced to approx- 
imately 5/16 inch. 

Testing 

The tests carried out v/ere flexural strength (A.S.T.M, 
designation: D 43-^39), wa-ter absorption (A.S.T.M. desig- 
nation: D 570-40T), and specific gravity (A.S.T.M. desig- 
nation: D 71-27). All tests were conducted in strict con- 
formity with the directions set forth in these standards. 
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A Riehlo universal testing machine was used in making 
the flexural tests; the necessary accessory equipment (see 
fig, 5) was designed and constructed. Dynamometer cali- 
bration tests were run on the Riehld machine. (See tahle 
3,) ^ 

Th'c specifications for the floxural test call for a 
testing machine head speed not to exceed 0.050 inch per 
minute v;hen the machine is running idle. As a check on 
the computed speed obtained with appropriate gear comhina- 
tions and motor speed, head-sT)eed tests were run on the 
Riehle machine. (See tahle 4.) 

The water-ahsorption test required immersion of the 
test disks in water maintained as nearly as possible at a 
constant temperature of 77^ F ± 3.6^ F. An apparatus giv- 
ing the desired temperature control was designed and con- 
structed and gave very satisfactory results when tested. 
The ap-oaratus consisted of a cylindrical sheet-metal con- 
tainer about 22 by 30 inches, including the lid. Inside 
this container was placed a similar but smaller container, 
about 12 by 18 inches, fitted with a thick wooden lid. 
The space between the inner and outer containers v/as filled 
with dry wood shavings. The water .in the inner c^ntniner 
was heated by means of a small electric unit controlled by 
a ther mo st at . 

The specific-gravity determinations were made by the 
water-displacement method. Before this method was adopted, 
check determinations were run to ascertain the magnitude 
of the error thnt might occur because of absorption of wa- 
ter by the specimen during the spe c i f i c- gr av i t y test. The 
results of these check determinations, presented in table 
B. indicated that the error was of negligible proportions. 



HESULTS' 



Considerable difficulty was experienced in molding 
the material containing 80-percent filler because the 
amount of resin was insufficient properly to bind the 
filler, Froauontly, when the specimens were removed from 
the mold after curing, they separated longitudinally along 
the center. It was extremely difficult to obtain a spec- 
imen of the 80-porcent filler material that showed a uni- 
form coloring because of its poor flew quality. 
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The material contnining 70"-percont filler and 3C~ 
percent resin shov/ed a marked improvement over the 80- 
percent filler mate.rial.in molding characteristics. Al- 
though the flow was quite poor, good tost specimens were 
chtainod v/ith no longitudinal separation. The color of 
specimens was uni f or mly .dark "brown. . • 

The molding characteristics of the materials contain- 
ing 60-, 50-, 40-, and SO-pcrcent filler v/ere very good. 
A good flash formed, the color was uniformly dark "brown, 
and the surface finish was very good with all conditions 
of temperature and pressure used. 

The materials containing 20-percent filler and 10- 
percent filler again "became difficult to mold hocause of 
high flow properties and the consequent loss of plastic 
in-the form Of flash.. It v/as necessary to close the mold 
very slowly to prevent excessive squeeze out. 

The zero-percent filler material (straight resin) 
presented difficulties in molding due to excessive blis- • 
t.ering and longitudinal separation, as in the case of the 
80-percont filler material. - 

G-ood specimens from "both the 80-porcent and zero- 
percent filler "batches wore difficult to ohtain, which ac- 
counts for the v/ide- range in flexural strength for the 
material . 

Tahle 6^. contains the results for the tests of flex- 
ural strength nnd specific gravity determinations. 

Table 7* contains the results cf wat er-ahs orpt i rn 
tests. 



liiscussion of Results 

Variation in results,- The utmost care was exercised 
in the entire procedure from the preparation of the mold- 
ing materials to the final compilation of the results. 
In spite of every -precautirn taken tc avoid sources of er- 
ror in using unifo"rm methods of mixing, grinding, molding. 



Available for reference or loan in the Office of Aeronau- 
tical Intelligence, ITACA, 
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and testing, an inexplicable variation in results was evi- 
dent. 'This fact has heen noticed "by other investigators 
of the strength properties of plastics (reference l). 

The range in variation could prcbaloly have "been re- 
duced by having a large number of test specimens for ev- 
ery material and condition of molding. Owing to the wide 
range of materials and molding conditions investigated, it 
was beyond the scope of this work to test more than three 
specimens for water absorption and more than five speci- 
mens for determination of flexural strength. Although the 
results should not be considered as representing exact 
flexural- strength and water-absorption properties, they 
can be accepted as sound indications of those properties. 

Tests of water absor.pl.lon.- The indication most evi- 
dent from the tests of wat or -ab s orpt i c n properties is 
that the grade of wood flour - fine, medium, or coarse - 
has no effect on the water absorption of any resin-fillor 
combination tested. 

There is no indication that the molding pressure of 
3000 pounds per square inch imparts a greater resistance 
to the absorption of water to any given material than does 
the molding pressure of 2000 pounds per square inch. 

Table 8 and figure 6 clearly show that the abscrption 
of water by the phenol-furfural plastic investigated is 
affected by the temperature of molding. A molding temper- 
ature of 325^ gave a mor e wa t er-re si st ant plastic than 
did a m-^lding temperature of 375^ 



The only visible change 
imens that took place during 
was a slight loss of surface 



in the water-absorption spec- 
the 24-hour immersion period 
luster. 



Specific gr avity .- The results as shown in tnble 6*, 
column 13, and in figure 7 show conclusively that the spe~ 
cific gravity of any given phenol-furfural resin-wood 
flour filler material is a function of the proportion of 
wood flour to resin. 

Additions of 10-pcrccnt increments of filler content 
increased the specific gravity of the material by approx^ 
imatcly 0.013. The relationship appears to bo a straight- 
lino one; the greater the percentage of wood-flour filler, 
the higher the specific gravity. 

^Available for reference or loan in the Office of Aeronau- 
tical Intelligence, HACA. 
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Molding temperatures r-nd prev^sures used in this work 
did not have p great influence cn the specific gravity of 
nny given molded product. 

yiexural streng:th >- Figure. 8 compares the flexurnl 
strengths ohtained x^ith vrtrious percentages of fine, medi- 
um, pnd coarse wood flour as filler in a phenol-furfural 
plastic* In almost all"of the cnses the maximum fihor 
stress appeared to attain the highest point "between 70' 
percent and 60 percent of wood flour. The flexural 
strength then decreased with decrease in percentage of 
filler* In the range of 40-percent to 30-pGrcent filler 
the flexural strength again increased to a second peak, 
although not so high as the 70~percent to 60-percent 
strength peak. The indication that the strength of the 
50-pcrcont filler nnd 50-pcr cent-resin comhinat i on i s usu- 
ally "lovror thnn the strength on either side of a 50-- ' 
per cent-filler ■ mat er i al give s valuable data for specifi- 
cation in indust r ial appli cati ons . If high strength is 
required and high floxir properties not. needed, the 70- 
porcont- or 60-per cent-filler material could "be specified. 
If high flovr is needed and strength is of secondary impor- 
tance, thfe 40- percent or 30-percent filler could "be. satis 
fact or ily employed . " ■ 

The effect of the grade of wood flour cn the flexural 
streilgth is only slight. The specimens molded at 325° F 
and 2000 pounds per square inch (fig. &(a)) show that 
coarse wood ~ fl our give s the highest strength, medium wood 
flour is second in strength, and fine wood flour the low- 
est in strength. The specimens indicated "by the strength 
curves shown in figure 8('b) v/ere molded at n temperature 
of 325 F and a pressure of 3000 pounds per souare inch. 
Vhere coarse and medium grades of wocd flour were used as 
fillers, the material that was molded at 325 5" and at a: 
pressure of 3000 pounds per square inch "behaved very much 
the same as it did under the molding condit i 6ns of 325° F 
and pressure of 2006-pounds per square inch, except that 
the maximum fiher s t r e s s ' a 1 1 ained ' at 325° F and 3000 . pound 
per square inch was leaver th?\n the maximum fiber stress ob 
tained under the molding conditions of '325 F and pressure 
of 2000 pounds per squnre inch. 

A comparison of f igur e s • 8 ( 5=1 ) and 8(b). i nd i cat e s .t hat 
the strength of the ma.terial containing fine wood flour' 
■as- filler • increased decidedly under- the more severe mold- 
ing conditions, especially in the 40^T)ercent material. 
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Figures 8(c) ?^nd 8(d) prosont tho flex-ural- strength" 
curves for the molding conditions at 375° 5" with 2000- Gud 
3 000-pound s-pcr- square-inch pressure^ respectively. From 
these curves it TtiRy ho noted thnt the cor^rso wood-flour- 
filled material does not give the highest strength as was 
the case v/hen the material was molded nt the Inv/er curing 
temperPvture. The highest maximum fiber stress was attained 
with the fine wo od- f 1 our- f i 1 1 e d m.aterial containing 40- 
percent filler , The flexural strength of material with 
the coarse wood-flour filler is clearly seen to drop, prob- 
ably as a result of the high molding temperature of 375° F 
(figs. 8(c) and 8(d) ) . 

With the plastic of 60-percent coarse wood-flcur fill- 
er, the highest maximum fi^er stress was obtained nt the 
molding temperature of 325 F and the pressure of 2000 
pounds per square inch. Vith the 40-percent fine v;ood- 
flcur-filled material, the highest maximum fiber stress 
was obtained at the molding temperature of 375° F and pres- 
sure of 3000 pounds per sq^uare inch* These results indi- 
cate that, in order to develop the highest strength for 
any grade of wood flour as a plastic filler, careful study 
should be made to determine the proper molding temperature 
and pressure for that particular grnde of wood flour. 

Figure 9 presents the same data shown in figure 8, 
except that each set of curves is for ^ne grade of wood 
flour molded at the various conditions- of temperature and 
pre s sure • ' 

Figure 9(a) clearly' shows that the strength of the 
50-percent wood-f Icur-f illed material is decidedly lower 
than that of the material v/ith 60--percent filler or 40- 
percent filler. These curves also show that, when the 
fine grade of wood flour is used, the highest maximum fi- 
ber stress is developed by using the most severe molding 
condi t i ons . • 

Figure 9(b) shows the results for the medium grade of 
wood flour molded under the various molding conditions. 
In this case, the maximum fiber stress is developed with 
60-percent medium wood flour molded at a temperature of 
325° F and 30G0-pounds-per- square-inch pressure. The hi"gh- 
est strength in the cases where 40-percent or 30-percent 
filler was used was obtained at the molding condition of 
375° F and 3000 pounds per square inch. 

Thie maximum strength, when coarse wood flour was used 
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the filler, v;as developed "by applying the nilder ccndi- 



The follov;ing conclusions npply to p^.rt I: These re~ 
suits appear to lend to the conclusion that when a coarse 
v/ood-flour filler is used in ahout the proportion of 50- 
percent or 70>-percent filler, the molding temperature of 
326° ^ and pressure of 2000 pounds per square inch will 
give hi.t-;h strength. When high strength is desired in a 
oO-percent to 40-.percent v/o od-f 1 our -f i 1 1 er material, a fine 
wood-flour filler should "be used with a molding tempera- 
ture of 'ahout 375° ? nnd a pressure of ahout 3000 pounds 
per sa^uare inch. 

Because the' maximum strength in the case of the coarse 
wood-flour filler vras ohtained at the mildest* molding con- 
ditions (temp., 325*^ F and pressure, 2000 Ih/sq in.), the 
indications are that' perhaps even higher strength could he 
expected from this material at lower temperatures and pres- 
sures^ Also, from the results of the high strength in the 
case of tha' fine wood-flour filler at the most severe mold- 
ing conditions (temp., 375^ F and pressure of 3000 Ih/sq in.) 
the indications are that higher-strength molded material 
could "be expected from similar material with higher temper- 
atures and pressures. Inasmuch as time did not permit in- 
vestigations in a greater range of temperatures and pres- 
sures, it must he left to future work to determine the op- 
timum conditions for producing the hi ghe s t - s t r engt h molded 
products using coarse and fine wood flour as filler. 

II. EFFSCT OF MIXIivTa PROCEDURE ON STRSNaTH 0F 



In the course of the preliminary molding and testing 
of materials, it was noted that test specimens containing 
carhon "black as a filler showed pronounced weakness and 
very poor molding characteristics- These characteristics 
were so marked that it appeared questionable that any inf 
mation of value could he obtained hy conducting the num- 
ber of tests planned for this material as a filler. 




CONCLUSIONS 



TEST BARS CONTAIiaNG CARBON BLACK FILLER 
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Althou^^h research in mixing and ccmpounding of the 
plastic materials was not originally planned in the proj- 
ect, it v/as felt to "be highly desira"ble to ascertain 
whether the strength of the molded product cculd he appre- 
clahly increased "by r eproce s sing the molding powder in 
various ways. The v/ork v/as therefore conducted. In addi- 
tion, an entirely different method of preparing the mold- 
ing material was tried. 

Increased strength was obtained as a result of reproc- 
essing the carhon-hlack molding powder, but the strength- 
still remained very low as compared with that of bars made 
from molding powder in which v/ood flour was used as the 
filler. The molding characteristics after reprocessing 
were unchanged. 

Since powder containing 50-percent filler and 50- 
percent resin is considered a goneral-piirpose molding pow- 
der, such a formulation was considered to be best suited 
for this work. In crder to have some basis upon which to 
rate the strength of the test material, a commercial plas- 
tic, Durite, of the same filler-rosin proportions as the 
carbon-black material, was molded under the same condi- 
tions as the test material. 



PHOCEDURE ■ 



Pre paration of mat erial.- The materials that were 
tested for maximum fiber stress wore prepared in the fol- 
lowing v/ay: 

1, Durite was prepared commercially by Durite Plas- 
tics Inc., Philadelphia, Pa. 

2* For a standard mix of wood flour and resin, equal 
proportions of v/ood flour (medium grade) and Durite resin 
were mixed in a tumbling drum for 10 minutes. The material 
was then compounded for 60 seconds in a small Banbury mill 
in which the rotor was heated to 248 F and the jacket to 
.210^ 5". This process kneaded the plastic mass and thus 
caused the melted resin to coat the wood-flour particles. 
The resulting chunks of plastic v/ere then processed by a 
Sturtevant- mill until all the particles passed through a 
14-mesh screen. The material was then ready for molding. 
The same procedure v/as follov/ed as for wood-flour fillers ^ 
described previously in this report. 
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5. The raix of carton "black and resin v;as prepared 
identically as the wood flour-resin material, except that, 
subsequent to the regular grinding process, the material 
v/as reground in a "ball mill in an attempt to improve the 
distribution of resin and carbon black. One batch was 
processed in the ball mill for 24 hours. To the second 
bntch 3-percent water was added and the batch was then 
processed for 48 hours in the ball mill. 

4-» For a mix of carbon black, resin, and ac'etcnc, 1 
pound of Durite resin was dissolved in 500 cubic centi- 
meters of acetone. One pound of carbon black (filling 
grade) was gradually introduced into this solution and 
mixed with a hand beater for 15 minutes. The material v/as 
then poured into a large sha.llow tray to allow the acetone 
to evaporate. After the complete evaporation of the ace- 
tone, the material was placed in a ball mill and ground 
for 3 0 ninutes, 

5. For a mix of wood flour, resin, and acetone, the 

same procedure was followed as for the carbon black-resin- 
acetone mix, except tha.t 1000 cubic centimeters of ace- 
tone were needed to soak the wood-flour filler completely. 

Holdin g.- Four molding conditions v;ere selected for 
this study to see v;hat effect various molding pressures and 
temperatures would ha.ve on the strength of the molded plas- 
tics^ The molding conditions used were as follows; 

Pros sure 
( lb/ sq in . ) 

3000 
3000 
3000 
3000 

The molding period in all cases was 15 minutes. The 
molding was done in a standard A.S.T.M. designation five- 
impression 1/2- by 1/3- by 5-inch bar mold. Preforms 
v/erc used in order to minimize errors that might arise 
due to unequal amounts of molding material in the five 
cavities, 3ach preform contained 20 grams of molding pow- 
der except in the case of the very finely ground carbon 
black-resin material, of which 22 gr^.ms were used. The 
preforms v/ere put into the mold as quickly as possible 
and the mold closed rapidly. The full pressure was main- 
tained in ea.ch case for a curing period of 15 minutes. 



T emp oratur o 
/' 0-7 ^ 

335 
.335 
375 
375 
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Testing: pr'^ceduro^^^ Tho bars woro tostod for floxur©,! 
strongth (A .S .T^M* do s i c-nat i on : D 48-^39), The method is 
doscrilDcd in "part I. ' 

RESULTS 



The thickness and width of each specimen as molded 
were measured v^ith a dial micrometer to the nearest one- 
thousandth of an inch. The load and deflection of each 
specimen woro recorded. The rate of load application was 
0»049 inch per minute. The maximum fiher stress in pounds 
per square inch was calculated from the formula: 

S 5 PI 

2 bd^ 
whore 

S maximum fiber stress 
P load applied 

I distance between points of support 
b widthofbeamastosted 
d depth of beam as tested 

The results of the tests are summarized in table 9 
and figure 10. 



CONCLUSIONS 



The follov/ing conclusions apply to the tests of part 

II: 

1. As previously indicated in this report, the re- 
sults of the f lexural-strength tests clearly indicate 
that the molded plastic using carbon black as n filler in 
a phenol-furfural resin is very inferior to a wood flour- 
resin plastic in the function of maximum fiber stress. 

2t In many specimens molded, minute cracks form on 
the surfaces of the bar which resembled ''crazing" of a 
finished surface. These cracks penetrated very deeply into 
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the test iDar, as frequently the specimen separated along 
one or more of the cracks .during the conditioning period. 
The poor molding characteristics of the carhon black-resin 
material is further indicated hy the fact that cut of five 
hc^rs that were molded under each condition of temperature 
^nd prer.sure frequently only one specimen remained intact 
for testing. 

3. The acetone-mixed wood-flcur material shov/ed 
flexural strength comparahle with thnt of the standard mix 
and the Durito wood-flour-filled material. The acetone- 
mixed car Don-hlack plastic compares very favoralDly in 
flexural strength with the reprocessed standard mix carhon 
"black plastic. There was no indication that superior 
strength could be obtained by compounding the molding pow- 
ders by the acetone mixing method. 

It is quite possible thr-t the procedure used in the 
mixing of the carbcn black-resin material was not the pro- 
cedure best suited for the m.aterial. Since the compound- 
ing of the materials by different methods was beyond the 
scope of the project, it was decided that the indicated 
properties of the carbon-black plastic did not justify the 
time and expense req^uired to carry out the molding and 
testings 

Department of Engineering Research, 
University of Michigan, 

Ann Arbor, Mich., June 1942. 



1. Burns, Robert , and Werring, Walter W.; Impact Test 
ing of Plastics for Use in Molded Phenol Plastic 
ToleiDhones. Modern Plastics, vol. 15, no* 12, Aug. 
195 a", pp. 3 7-41, 52, 54, and 56. 
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TA3LS 1 

TYPICAL TEMPBRATUE3 VAEIATIONS DURINa MOLDING PERIOD 
[Nominal molding temp., 325° F] 



\y J.X CI J. ^ J. iJL ^ 


Hold 




t emp . 


( m i n ) 


( OF) 


0 


328 


3 


526 


4 


326 


5 


325 


O 


3 24 


7 


3 24 


8 


3 24 


9 


324 


10 


325 


11 


326 


12 


3 27 


13 


328 


14 


328 



TABLE 2 

TYPICAL TEMPEHATURE YARIATIOITS DURIUO MOLDIUa PERIOD 



[Nominal molding temp., 375^ F] 



Charging 
( m i n ) 


Mold 
t emp . 

(°F) 


0 


579 


3 


370 


4 


37 2 


5 


575 


6 


376 


7 


378 


8 


379 


9 


380 


10 


380 


11 


378 


12 


376 


13 


375 


14 


374 
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TABLE 3 

CALIBHATIOH 0? 50,000-POUKD EIEHli: TESTING MACHINE 

FOR PLASTIC RESEARCH 
[Spring-dynamcmetor method; capacity of dynajnometcr , 2000 lb] 



Ame s 

dial 
reading 


Actual 
load cn 
dynampm- 

et er 

(lb) 




Riehl^ 


reading 


Error 
of 

testing 
ma chine 
(lb) 


First 
trial 
(lb) 


Second 
trial 
(lb) 


Third 
trial 
(lb) 


Average 

(115) 


0.0351 


200 


202 


200 


200 


200.7 


0 . 7 


.0692 


400 


390 


387 


387 


388 .0 


-12 . 0 


.1048 


SCO 


597 


597 


595 


596 .3 


-3.7 


.1382 


800 


800 


800 


800 


800.0 


0 


.1710 


1000 


990 


995 


992 


992.3 


-7.7 


.2051 


1200 


1200 


1200 


1200 


1200. 0 


0 


.2373 


1400 


1390 


1395 


1395 


1395.3 


-6.7 


.2689 


1500 


1590 


1600 


1595 


1595. C 


-5.6 


.3013 


1800 


1800 


1800 


1800 


1800 . 0 


0 
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TABLE 4 ; 

HEAD-SPEED DBTERMINJ^ T I OIT FOR BENDIIia TEST OE PLASTICS 

[Clutch pulley, fast; test duration, 5 min.; 
gear combination of 1 and s] 



JflmiaT'^r "1 


Motor 
rheostat 
setting 


Li stance 
t rave led 
(in.) 


1 

Head 
speed 
( m . / mi n ^ 


8 








0.187 


0.0574 


8 




V 835 


< 


.188 


.0376 


8 




Average 




.188 


.0376 
0.0375 


8 








^ .2475 


.0495 


8 








.2495 


.0499 


11 








.2475 


.0495 


11 








.2475 


. 0495 


11 








.2475 


.0495 


11 








.2470 


. 04 94 


11 




)> 1110 


< 


.2475 


.0495 


16 








.2500 


.0500 


16 








.2502 


.0500 


16 








.2500 


. 0500 


16 








.2450 


.0490 


16 








.2500 


.0500 


16 








.2490 


.0498 




J 












Average 






0.0496 
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TA5LE 5 



EPjTSCT OF VJATSH ABSOHPTIOS OK ACCUHACY OF SPECIFIC GP.AVITY 

VALUES 

[Vi'at er-di splacement method; water temp., approx. 77*^ Fj 



Per cent 
filler 


1 - 

Wei ght 




"IT* 'XT 1 T" TT 

gra V 1 & y 


S r r 0 r in 
speci f i c 

SIT SiV i t v 

due to 

i liime r s i n n 


In air 

( grams ) 
(1) 


I n wa t e r 
( grams ) 


In air 

(grams ) 
(2) 


(1) 


1 

(2) 


80 


1 .8900 


0.5268 


1.8910 


1 .3864 


1.3862 


0.0002 


8 0 


1 . 9 24 8 


.5399 


1 .9255 


1 .5898 


1.3937 


. 0002 


60 


3 .0712 


.8168 


3 . 0712 


1 .3 623 


1 .3 6 23 


0 


50 


3 .1003 


.83 09 


3 .1005 


1.3661 


1.3551 


0 


40 


3 .0539 


.7592 


3.0541 


1 .33 08 


1 .3308 


0 


40 


3.0592 


. 7692 


3 . 0593 


1 .33 59 


1.3359 


0 


20 


3 . 2058 


.7315 


3 . 2058 


1 .2957 


1 .2957 


0 


20 


3.1797 

1 


. 7358 


3 .1797 


1 .3011 


1 .3011 


0 



Before immer sion . 
After immersion . 
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TABLE 8 

PSRC3UT WATER ABSORPTION OP A PHZHOL-PURPURAL PLASTIC 
OP VARIOUS RESIil FILLER COMBINATIONS 
AFTER 24-EOUR IMMERSION 



Filler 
in 

molding powder 
(percent) 


Melding temp. °P 


325 


375 


10 


0.36 




0.50 


20 


.34 




.55 


30 


.44 




.55 


40 


.52 




.65 


50 


.69 




.84 


60 


.91 




.99 


70 


1 .26 




1.32 


80 


2.40 




3 .04 



YALUSS OF llAXnm. FIBSR ST3SSS lOR PMSTIC TEST BAHS 

[Average of five tests is given unless otheraise specified; 
max. filler stress is given in lla/sq in.] 



^^■\^^Mat er ial s 
Molding ^-^-^^ested 
conditions '""----^ 


Durito 

TTi n 1 rl T "n jc 

powder 


Wood 

"Fl rMT T»-_ 

resin 
Ki:c 


Carbon olack-rcsin nix 


Acetone- 
wood 
flour- 
resin 
mix 


Acetone- 
carbon 
black- 
resin 
raix 


Temp. 


Press. 
(1d/ sq in. ) 


Ori^;inal 


Remixed 
(2U hr) 


Remixed 
(Ug hr) 


325 


1 — ■■ ■ ■ 1 

2000 


11,550 


11,622 


1100 


5530 


. 


1 

11,0S0 




375 


2000 


ii,9qU 


11,250 




5916 


^66U3 






325 


3000 


11,600 






^^^370 


5S52 


^10,600 


5275 


375 


3000 


12,120 


11,356 




5090 


^5360 







Average for three tests. 
''^Only one successful test. 
^Average for four tests. 
^Average for two tests. 
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Ti^rel.- Elm.es 20-ton hoi plate press 
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Figure 2.- Calibration curve for 20-ton Elmes molding-press gage. Correct 
gage setting is obtained by adding error to gage reading* 
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Fiffs. 3,4 




Figure 3.- Mold for producing f lexural-etrength test bars, 




Figure 4.- Mold for producing water-absorption disks. 



Figure 5*-- Equipment Used for Making Flexural-S trength Tests 



ITACA Technical IToto YiO. 878 



yig. 6. 




50 -iO 
Filler, percen'b 

Figure 6.- :^ffect of molding ternperat-'Jire on the water absorption of a 

phenol-furfural plastic of various resin-filler confoinations . 
Absorption based on v/eight after conditioning at 122^F for 24 hours. 




?i£rare 7.^- Variation in specific gravity of a phenol-iiirfural plastic 
with different combinations of filler-resin content. 
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Fi.:. 8a' 




50 40 
Filler, percent 

(a) icolding conditions • temperature, 325^Fj pressure, 2000 pounds 
per square inch. 

Fi.^re 8(a to d).- Fle:airal strength of phenol-furfural plastics of 

various percentages of fine, medi"ain, and coarse wood 

flour as filler. 
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Fig. 8b 




50 40 30 
filler, porcont 

("b) Molding conditions: ternpcraturo , 325^]? 5 pressure, 3000 pounds 
per square inch. 



?i£:ure 8.- Continued. 
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Fig. 8c 




50 40 30 

Filler, percent 

(c) Molding conditions: temperature, 3750?; pressure, SOOO pounds 
per square inch. 

Figure 8.- Continued, 
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80 
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(d) Molding conditions* tomporaturo, 3750]?. pressure, 3000 poujids 
per square inch. 

figure 8.- Concluded. 
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Tomperaturo ('^?)Prossuro (lo/s^l 

325 2000 i j 



325 
375 
375 



3000. 
20001 



3000 



-o 



80 



70 



30 



20 



10 



60 50 40 

?illor, porcont 
(a) filler, fino v/ood flour 
Figaro 9(a to c).- Flo:airal strength of a phonol-furfural plastic 

molded under varying conditions of temperature and 

pressure. 
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Fig. 913 




Temperature (°?) Pressure (it/sq in.) 
325 2000 , 



325 
375 
375 



3000 



2000 



3000 



r 



80 
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50 40 30 
ITiller, percent 
(b) J ill or, medium wood flour 



20 



10 



figure 9.- Continued. 
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Fig. 9c 



13 



12 



11 



10 



•H 



CO 

o 
u 

w 7 

-J) 



•H 




Tempo 




raturo (°?) Pressure (Ib/ssQ i-'i.-)" 
325 POOO 



325 
375 
375 



3000 
2000 
3000 



1 



80 



70 



60 50 40 30 

Filler, percent 
(c) Filler, coarse \7ood flour 



20 



10 



0 



Figure 9.- Concluded. 
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Standard mix v/ood 

flour-resin 

material 



Durite molding 
powder 



Acetone mix wood 

flour-resin 

material 



CarlDon "black- re sin 
remixed 48 hours 



Carbon black-resin 
remixed 24 hours 



Carbon black-resin 
acetone m.ix 



Carbon black- re sin 
standard mix 
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